ABSTRACT: Because the measured deflection of expressway asphalt pavement does not obey the normal distribution, the calculation formula of deflection representative value can't be used. In order to solve it, in the premise of keeping original characteristics of the measured deflection data, by using the two times standard deviation method, the specific data of the original measured deflection data were eliminated and then furthermore the noise of the deflection data was managed through wavelet transform. The normal distribution ratio of the measured deflection data of asphalt pavement were increased from 20.0% to 86.7%, the requirement of the original formula of deflection representative value was meet, so according to the method, the original formula of the deflection representative value can be modified. Engineering Practice shows that the revised deflection representative value calculation formula that was applied to evaluate the pavement structural strength was suitable. Its evaluation result can reflect the actual technical condition of roads.
INTRODUCTION
The pavement performance of freeway was not only the concern of highway workers, especially the management side, in daily maintenance work, but also the focus of routine maintenance work. The road surface deflection detection was the premise of judging pavement performance condition and was the assessment of the pavement structural strength index (PSSI) according to relevant procedures (Ministry of Transport of the People's Republic of China 2008) and finally took the appropriate conservation measures. However, the related research showed that the pavement deflection data obtained by using the automatic inspection vehicle for the pavement deflection were not subject to the normal distribution (Qiu et al., 2013; Lin et al., 2005; Chen et al., 2005) . Therefore, the actual deflection testing data without the processing technology for evaluation of pavement technology condition, inevitably didn't reflect the real road situation, and then affect the pavement maintenance decision making. Mao Qingzhou (Mao, 2015) proposed a new algorithm that can accurately process the road roughness measurement data based on the wavelet transform and solved the problem of low accuracy and poor stability in the detection of vehicle speed change motion. Based on this method, in this paper, the wavelet transform was applied to the processing of the pavement deflection data and a new method was proposed that modified formula for calculating representative value of the road surface deflection. It was hoped to provide a valuable reference for highway technical condition assessment and pavement maintenance.
DWAVELET TRANSFORM AND SIGNAL DENOISING
Wavelet transform (Mei et al., 2012) was a new transformation analysis method developed on the basis of Fourier transform. It inherited and developed the localized short-time idea of Fourier transform, but overcome the shortcoming that Fourier transform was easy to lose time information and was not conducive to the analysis of non-stationary signals. It can provide a timefrequency window on frequency change and realize the local analysis of time (space) frequency. Its main feature was that it can fully highlight some aspects of the problem by the transformation. Wavelet was a waveform that was a small area, the limited length and mean value zero. Small was its attenuation. Wave mean that it has positive and negative alternating volatility. Since wavelet transform can refine signal (function) in multiple aspects gradually through local analysis and stretching and panning on space (time) frequency, and ultimately realize time subdivision at high frequency points and frequency subdivision at low frequency points. Usually, the actual detecting signal was consisting of useful signal and noise. Figure 1 showed the curve of the measured deflection data with noise that was detected by using the automatic deflection survey vehicle. From the picture. There were a big difference between the actual deflection data and the deflection data with noise. Therefore, in order to use the actual deflection data in the actual detection, it was necessary to deal with the deflection data with noise, and the wavelet transform was one of the important applications of signal de-noising. The basic idea (Mei et al., 2012) was that the original signal was decomposed by wavelet transform, and the useful part of the signal was separated from the noise. In practical engineering application, useful signals were usually low frequency signals or some relatively stable signal, and the noise signal was usually shown as high frequency signal. In order to obtain the useful part of the signal, the formula (1) was used to decompose the measured deflection signal with noise. The wavelet coefficients were processed by the threshold value, and then the processed wavelet coefficients were used as inverse transform. And then reconstructed signal can achieve the purpose of removing noise in the signal. = 1 + 1 = 2 + 1 + 2 = + 1 + 2 + ⋯ + (1) Where, CA i -An approximate division of the decomposition; CD i -the detail section (including noise section) of the decomposition, i =1,2,…,n.
DEFLECTION NORMALIZATION
According to the related literature (Mei et al., 2012) , use the formula (2) to calculate the representative value of the pavement deflection ( ). The measured data of the deflection data must conform to the requirement of the normal distribution. But because in the actual detection, the deflection data contained noise, they generally did not obey the normal distribution. Therefore, to complete the calculation of the road surface deflection value, it was necessary to make the measured deflection data conform to the normal distribution through the corresponding methods.
Where, ̅ -Average deflection of the road section; -Standard deviation of the measured value of the deflection instrument of this section; -Guarantee rate coefficient.
From a certain highway pavement deflection data, 60 sets of data were randomly selected to analyze the normal distribution of the pavement deflection. All the data had been modified to exclude the effects of season and temperature. Three times standard deviation method (3S method), two times standard deviation method (2S method) and wavelet de-noising method (wavelet method) were used for road surface deflection normalization analysis. Among them, the wavelet method was to use the wavelet transform (daubecheies (dbN)) tool in Matlab wavelet toolbox to eliminate the noise in the measured deflection data. The characteristic of the dbN wavelet was that there were the greater vanishing moments and better smoothness with the order (sequence N) increase. At the same time, there was the stronger localization ability of the frequency domain, and the frequency band division effect was better. However, the time domain compactness was reduced, and the amount of computation was greatly increased, and the real-time performance became worse. Many changes have been made to the original signal. The greater destruction of the useful information in the original signal was much more destroyed with the greater the transformation level. After a great deal of experimental research, we can get the better treatment of the pavement deflection data by using wavelet function DB2 and transformation level 1. Finally, the Shapiro-Wilk test method was used to test whether the pavement deflection data obey the normal distribution. The analysis result of the pavement deflection normalization was shown in table 1.
The statistical results in Table 1 show that the deflection data collected from the road surface obey the normal distribution only of 20.0%. The formula (2) can't be directly used to calculate the representative value of the road surface deflection. By separately using the wavelet method, the 2S and 3S method to deal with the measured deflection data containing noises, the normalization rate of the deflection data respectively increased 58.3%, 48.3% and 26.7%. Among them, the wavelet method was more effective. However, the normalization rate of the raw data that were processed by using the wavelet method was still unable to meet the requirements of formula (2). This showed that there were many kinds of interference factors in the raw data, that is, the noise was strong. Therefore, firstly use 2S method and 3S method to eliminate the specific value of the raw deflection detection data and to reduce the effect of specific values to the final deflection data set. And then use better de-noising ability wavelet method to further process the measured deflection data that eliminated the specific values and to eliminate the interference signal of the data. From the analysis results in Table 1 , the normalization rates of the deflection data sets were respectively increased to 86.7% and 61.7%, after 2S and 3S treatments and then the wavelet de-noising. The normalization rate of the deflection data after 2S method and then wavelet de-noising was higher. It satisfied the requirement of formula (2) calculation. * The meaning of the normal rate was the ratio of data set for normal distribution and total data set. 
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In the process of pavement technical condition evaluation, it was very complicated and affected the effectiveness of data processing that the wavelet transform was applied to each set of data. So it was necessary to establish connection between before and after the wavelet de-noising processing data, in order to reduce amount of calculation. Each selected 50 group data calculate the pavement deflection average value and the pavement deflection standard deviation the data that before and after the wavelet de-noising processing. The calculation results were shown in table 2 and table 3. From table 2, after the raw data of the pavement deflection that were processed by using 2S method were processed by wavelet de-noising, its average value change was small. The wavelet transform preserves the original characteristics of pavement deflection. It indicated that this transformation was reasonable and effective. With the mean deflection processed by 2S method as the abscissa and the mean deflection of the wavelet de-noising after 2S method as vertical coordinates, the data in Table 2 were regressed. Figure 2 showed the results of the regression analysis. We get the regression relationship (3) between them. Similarly, from table 3, we can get the regression formula (4) of the deflection standard deviation.
Where, -Average pavement deflection after 2S method treatment/0.01mm; -Average pavement deflection after 2S method treatment and wavelet transform treatment /0.01mm. y=0.7854x-0.2366 (R 2 =0.9083)
Where, -Pavement deflection standard deviation after 2S method treatment/0.01mm; -Pavement deflection standard deviation after 2S method treatment and wavelet transform treatment /0.01mm. The analysis showed that the raw pavement deflection data of 2S method treatment that were processed by the wavelet transform can't only obey normal distribution but also can keep its original characteristics. Therefore, this relation can be used to represent the wavelet transform to normalize the original data.
CORRECTION METHOD FOR CALCULATION FORMULA OF DEFLECTION REPRESENTATIVE VALUE
Based on the good effect of the wavelet transform on the normalization rate of pavement deflection, a new method which can correct calculation formula of deflection representative value was put forward. The correction process was as follows.
Correction of measured deflection data for temperature and seasonal factors
The modified deflection data are grouped according to the road surface management system. The 2S method was used to eliminate the specific values of each group data.
In Matlab, t he wavelet DB2 function of the 1 stage transformation level w a s selected to complete wavelet denoising to deflection data of each group that has correct specific deflection value.
By using regression analysis method, the regression formula (3) and (4) of deflection mean value and deflection standard deviation before and after the wavelet de-noising processing were respectively derived.
The regression formula (3) and (4) were in the calculation formula (2) of the original pavement deflection value. The modified formula (5) was obtained. Where, r l -Representative deflection/mm; l -Measured deflection mean value /mm; S -Deflection standard deviation; α Z -Guaranteed rate coefficient /mm, highway use 1.645.
PROJECT CASE
An expressway in Guangdong province was opened to traffic in 2004, during the operation the maintenance treatment was done by using pavement microsurfacing and so on. In order to evaluate the strength of pavement structure after maintenance, the corresponding calculation results of the formula (6) and (7) should be used. It can be seen from the formula that the calculation of the deflection value of the measured road surface had a great influence on the calculation of pavement structure strength. Therefore, this paper would use the "2S method + wavelet de-noising" method, which was used to carry out the calculation of the deflection of the road surface, the table 5 was the rating statistical results of the pavement structure strength index (PSSI). The table 5 showed that we can get a better evaluation result by using the correction method of the deflection representative value formula in this paper to assess PSSI. After a long period of pavement monitoring, from "B" grade pavement into "A" grade pavement for PSSI assessment, the pavement did not occur more obvious disease. And the results of multiple detection and calculation showed that the PSSI assessment results were more stable by using the revised algorithm of the deflection representative value. It showed that this method was suitable for evaluating the strength of pavement structure, and the result of the evaluation better reflected the actual condition of the highway. But it was not appropriate to directly apply untreated deflection standard deviation and average pavement deflection value to assess pavement structural strength.
CONCLUSIONS
(1) By using the 2S method, the original acquisition deflection data that didn't obey the normal distribution were deleted and the normal distribution of the deflection data was improved. But it still can't meet the requirements of the calculation formula of the original deflection. Therefore, further use wavelet transform to process the deflection data of the specific value eliminated. The normal distribution of the deflection data was increased from 20% to 86.7%. The deflection data conformed to the calculation requirements of the deflection representative value formula. So the method was reasonable and effective.
(2) In this paper, the average pavement deflection and the pavement deflection standard deviation that were treated by 2S method before and after wavelet de-noising were analyzed. We separately get the corresponding regression formula of the two before and after wavelet de-noising. Their correlation coefficients were respectively 0.9991 and 0.9083. Both of them were brought into the calculation formula of the original deflection, so as to complete the modification of the deflection formula. This avoided the complexity of the wavelet de-noising processing data. But it can still keep the increase of the normalization rate of the deflection data. The engineering practice proved that this method was reasonable.
